resulting from the combined effects of pneumoperitoneum, patient position, anesthesia, and hypercapnia from the absorbed CO 2 that is used to produce pneumoperitoneum. Pneumoperitoneum creation (increased intra-abdominal pressure) is immediately followed by an increased plasma renin activity and increase in plasma levels of norepinephrine and epinephrine. [4] The renin-angiotensin-aldosterone system is also activated. All these changes collectively lead to an elevated arterial pressure, increased systemic and pulmonary vascular resistance, and decreased cardiac output. [5] Various agents such as isoflurane, [4] propofol, β-blockers, [6] and antihypertensives [7, 8] have been used to reduce hemodynamic changes associated with laparoscopic surgery with variable response. Effects of α 2 -adrenergic agonist clonidine have also been studied widely. [9, 10] These may reduce anesthetic and analgesic requirements, promote perioperative hemodynamic stability, reduce myocardial ischemia, improve renal function, provide sedation and anxiolysis, and attenuate neurohumoral "stress response" of major surgery. [11] These may reduce circulating catecholamines level during surgery.
Dexmedetomidine, which is the pharmacologically active dextro-isomer of medetomidine, is a newer highly selective α 2 -adrenergic agonist, approved by Food and Drug Administration (FDA) in 1999. [12] It has a ten-fold greater α 2 :α 1 receptor selectivity and has a shorter duration of action than clonidine. [11] It possesses hypnotic, sedative, anxiolytic, sympatholytic, and analgesic properties without producing significant respiratory depression. [13] It also diminishes intraoperative requirement of analgesics [14] and anesthetics (including propofol). [15] [16] [17] [18] [19] These properties make it theoretically a suitable agent for use as a part of an anesthetic regimen. [11] However, fewer studies are available on the propofol-sparing effect of dexmedetomidine during laparoscopic cholecystectomy.
In October 1996, bispectral index (BIS) achieved approval by the FDA as the first electroencephalogram (EEG)-based monitor of anesthetic effect. BIS reduces complex EEG processing to a simple number ranging from 100 to 0. BIS decreases with increasing depth of anesthesia, and adequate level of anesthesia is achieved with BIS ranging from 40 to 60. BIS monitoring allows reduction in the total amount of anesthetic that patients are exposed to and appears to decrease time for emergence and recovery. [20] The primary aim of this study was to evaluate the effect of intravenous (i.v.) dexmedetomidine on intraoperative hemodynamic response to critical incidences such as laryngoscopy, endotracheal intubation, pneumoperitoneum creation, and extubation in patients undergoing laparoscopic cholecystectomy. The secondary aims were to observe the effect on BIS-guided propofol requirement, extubation time, and occurrence of adverse effects.
methods
The present study was conducted from May 2012 to September 2012, with due permission and approval of Local Ethical Committee and after obtaining informed written consent from all the patients. It was a prospective, randomized, double-blind, placebo-controlled clinical study. Forty patients of American Society of Anesthesiologists (ASA) physical status classes I and II between 40 and 50 years of age with body weight 60-70 kg of either sex and posted for laparoscopic cholecystectomy under general anesthesia were included in the study. Patients with decreased autonomic control such as the elderly, diabetic patients, patients with preoperative hypotension or bradycardia or dysrhythmia, patients with chronic hypertension or severe cardiac disease or heart block, patients on drugs such as beta blockers or calcium channel blockers, patients with anticipated difficult intubation, obese patients, patients with history of sleep apnea, anemic patients, patients with impaired renal or hepatic function, pregnant or lactating women, patients with history of alcohol or drug abuse, and patients with history of allergy to egg proteins and drugs were not considered for the study.
The patients were randomly allocated by chit and box method into two groups of twenty patients each, Group A (patients receiving dexmedetomidine preloading 1 µg/kg followed by infusion 0.6 µg/kg/hr) and Group B (patients receiving normal saline 0.9% preloading followed by infusion at similar rates).
Infusion was prepared by a separate anesthetist in a separate room according to the group allotted. To prepare the infusion, dexmedetomidine 2 mL containing 200 µg of the drug was withdrawn in a 50 mL syringe and was diluted up to 50 mL with normal saline resulting in the final concentration of 4 µg/mL. Dexmedetomidine or normal saline infusion was given through a syringe infusion pump. Depending on the weight of the patient, the pump was set so as to deliver the targeted infusion rate. Thus, the syringe and volume of prepared solution were similar in both groups, and the assessor as well as the patient was unaware of the group. Decoding of blinding to the assessor was done only at the time of tabulation and result analysis.
After taking the patient on the operation table, a multipara monitor with BIS module was attached, and the baseline pulse rate (PR) and mean arterial pressure (MAP) were noted down (T -Ctrl). A wide bore i.v. cannula was inserted for giving the i.v. fluids, and another line was taken up for the infusion pump. Test drug preloading was done over 10 min, and then, infusion pump was set to deliver targeted intraoperative infusion rate which was continued till removal of scope from the abdominal cavity. PR and MAP were noted down after drug preloading (T -Load). Premedication was administered before induction of anesthesia to all the patients in the form of injection glycopyrrolate 0.005 mg/kg i.v., injection fentanyl citrate 2 µg/kg i.v., injection ranitidine 50 mg i.v., and injection ondansetron 4 mg i.v. as per the institutional protocol. Injection diclofenac (aqueous) 75 mg was added to i.v. fluid drip.
Five minutes after starting the drug infusion at targeted intraoperative rate, preoxygenation was performed for 3 min. Patients were induced with injection propofol i.v. infused slowly 20 mg (2 mL) every 5 s till BIS value reached below 60 followed by i.v. injection atracurium besylate 0.5 mg/kg. Patient was ventilated with 100% O 2 for 150 s. PR and MAP were recorded just before intubation (T -Ind). Trachea was intubated with appropriate size-cuffed endotracheal tube after direct laryngoscopy. Tube position was confirmed by auscultation and ETCO 2 . PR and MAP were recorded just after intubation (T -Int). Anesthesia was maintained with O 2 :N 2 O (50:50), injection propofol i.v. infusion titrated to maintain BIS value 55-60 and injection atracurium besylate i.v. as a muscle relaxant. Intra-abdominal pressure was maintained between 12 and 14 mm Hg throughout the laparoscopic procedure. The patients were mechanically ventilated using circle system to keep the ETCO 2 between 35 and 45 mm Hg. Drug infusion and anesthetic agents were stopped as soon as the scope was taken out of the abdominal cavity. Reversal and extubation were carried out by conventional methods.
All patients were monitored intraoperatively for vital parameters at regular intervals. PR and MAP were recorded at surgical incision (T -Inc), just after insufflation (T -Ins), 15 min after insufflation (T -Ins15), 30 min after insufflation (T -Ins30), at exsufflation (T -Exs), just after reversal (T -Rev), and just after extubation (T -Ext). Extubation was considered end point of our study. Patients were also observed for time to achieve BIS value 80 (recovery time) and time to extubate trachea (extubation time) from stoppage of anesthetic agents. Mean propofol maintenance infusion rate was calculated. Finally, the patient was shifted to the recovery room.
The results were tabulated and statistically analyzed using SPSS (Statistical Package for Social Sciences) Software version 17.0.0 (SPSS Inc., Chicago, Illinois, USA). The normality of the data distributions was evaluated using the Shapiro-Wilk test. Groups were compared for demographic data (age, weight), duration of surgery, volume of intravascular fluids administered intraoperatively, propofol required for induction, propofol maintenance infusion rate, recovery time, and extubation time by a Student's t-test. Categorical data, i.e., sex and ASA physical status class were compared between groups using Chi-square test. Intergroup differences in the data collected at each measured time point were determined using a Student's t-test and intragroup differences from baseline within each group were determined by a paired t-test. Results were expressed as mean ± standard deviation. P < 0.05 was considered statistically significant.
results
Both groups under study were comparable to each other with respect to age, sex, weight, ASA physical status class, duration of surgery, and volume of i.v. fluids administered intraoperatively [ Table 1 ]. The mean age of the patients was 43.68 years (range -40-50 years). The mean weight of the patients was 63.13 kg (range -60-70 kg). There was no significant difference between the groups in reference to the baseline PR and the MAP.
The mean PR in Group B increased significantly just after intubation and thereafter remained above baseline throughout, with significant differences just after insufflation, 15 min after insufflation, and just after extubation. In Group A, the mean PR decreased significantly from baseline just after test drug preloading and remained significantly low at all time points till exsufflation; after which, it gradually increased and returned to baseline just after extubation. When the mean PRs at different time points were compared in both groups, values in Group A were lower than in Group B, and significant differences were found at all time points [ Table 2 and Figure 1 ].
There was a significant fall in the average of MAP in Group B just before intubation, but it increased significantly above baseline after intubation, and thereafter, it remained above baseline at all time points, with significant differences just after insufflation, 15 and 30 min after insufflation, after exsufflation, and just after extubation. In Group A, the average of MAP decreased significantly below baseline just before intubation, but it gradually increased and crossed baseline just after insufflation. It decreased after exsufflation, but it again increased and crossed baseline just after extubation. No significant difference was seen at any time point except just after induction. When the averages of MAP at different time points were compared in both groups, values in Group A were lower than in Group B, and significant differences were found just after intubation, just after insufflation, 30 min after insufflation, after exsufflation, and just after extubation [ Table 3 and Figure 2 ].
The mean recovery time in Group A was significantly less than that in Group B (9.60 ± 1.47 vs. 12.95 ± 1.43 min). Similarly, the mean extubation time in Group A was significantly less than that in Group B (10.60 ± 1.50 vs. 14.15 ± 1.31 min) [ Table 4 ]. To achieve similar BIS values, significantly low doses of propofol were required in Group A as compared to Group B Figure 1 : Trends of mean pulse rates at different time points of study in both groups induction and intraoperative maintenance doses were reduced by 36% and 31%, respectively [ Table 5 ].
dIscussIon
The hemodynamic alterations due to intense sympathetic stimulation accompanying laparoscopic surgery comprising of elevation in heart rate and rise in mean arterial pressure are well known. The potential for life-threatening complications associated with such a response is also well documented. There exists a strong relationship of both perioperative myocardial ischemia and postoperative myocardial infarction with anesthetic and surgical events known to produce intense sympathetic stimulation, with or without hemodynamic abnormalities. [21] Thus, it is logical to look for methods to reduce sympathetic stimulation per se.
Various drugs and methods had been studied to prevent hemodynamic alterations due to stress of surgery and anesthesia. Dexmedetomidine, a highly selective α 2 -agonist, has also been evaluated in the past for attenuation of hemodynamic responses in various doses and along with various anesthetic regimens for various types of surgeries. [11, 15, 19] Gynecologic diagnostic laparoscopy was the first laparoscopic procedure in which the effects of dexmedetomidine were studied with encouraging results. [22] Since then, the molecule has been widely used to assess its effect on hemodynamic responses in patients undergoing various types of laparoscopic surgeries, including laparoscopic cholecystectomy. [14, [23] [24] [25] [26] [27] [28] [29] [30] [31] Our study confirms the fact that stressful events such as laryngoscopy and endotracheal intubation, pneumoperitoneum, and extubation do lead to significant increase in PR and MAP in patients undergoing laparoscopic cholecystectomy [4, 26, [29] [30] [31] [32] as seen in normal saline group. This sympathoadrenal response is effectively attenuated by used doses of dexmedetomidine providing intraoperative hemodynamic stability [14, 26, [29] [30] [31] [32] as seen in dexmedetomidine group. Although there was significant decrease in PR from baseline in dexmedetomidine group, significant bradycardia was not noted in any case.
It may be hypothesized that dexmedetomidine, due to its sedative effect, can delay patients' response to verbal command leading to prolongation of extubation time. Ohtani et al., based on their findings that sevoflurane produced a shorter time to eye opening than propofol when coadministered with dexmedetomidine, suggested that dexmedetomidine may delay recovery when given as an adjuvant to propofol during total i.v. anesthesia. [33] However, in our study, recovery time as well as extubation time was found to be significantly less in dexmedetomidine group. This could be explained to some degree by the decreased requirement of propofol because of dexmedetomidine. It also might be because of the ability of dexmedetomidine to provide sedation without affecting respiratory function. Afanador et al. [34] and Bajwa et al. [35] also, in their respective studies, observed significantly reduced extubation time in patients who were given dexmedetomidine. Bhattacharjee et al. [14] and Kang et al. [19] observed no significant effect of dexmedetomidine on response to verbal command and extubation time; however, the extubation time in dexmedetomidine group was less than in placebo in both studies.
Propofol is a frequently used i.v. anesthetic agent for induction and maintenance of anesthesia during laparoscopic surgery. Although known for its remarkable safety, various recent literatures and evidences have suggested about the potential for intraoperative complications even with short-term infusions. [36] [37] [38] [39] Hence, there is tendency to use another adjuvant having sedative properties that could reduce the requirement of propofol.
With the use of dexmedetomidine, the induction and intraoperative maintenance doses in our study were reduced by 36% and 31%, respectively. This could be explained by the sedative effect of dexmedetomidine, which could allow inducing hypnosis with a reduction in anesthetic drug doses.
Our findings substantiate those of previous researchers who also observed significant dose-sparing effect of dexmedetomidine on various anesthetics in their respective studies. [19, 31, 34, 35] One of the limitations of our study was the use of BIS, which provides minimum information regarding analgesia, for measuring depth of anesthesia. Furthermore, the administration of muscle relaxants was in the form of time-bound boluses and not guided by neuromuscular monitoring.
conclusIon
During propofol-based anesthesia for laparoscopic cholecystectomy, dexmedetomidine provides more stable intraoperative hemodynamics and reduces the requirement of propofol for induction as well as maintenance, without compromising the recovery profile.
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